Aims. 2D spectroscopic data for the whole extent of the NGC 3132 planetary nebula have been obtained. We deliver a reduced datacube and high-quality maps on a spaxel-by-spaxel basis for the many emission lines falling within the MUSE spectral coverage over a range in surface brightness >1000. Physical diagnostics derived from the emission line images, opening up a variety of scientific applications, are discussed. Methods. Data were obtained during MUSE commissioning on the ESO Very Large Telescope and reduced with the standard ESO pipeline. Emission lines were fitted by Gaussian profiles. The dust extinction, electron densities and temperatures of the ionised gas and abundances were determined using Python and PyNeb routines. Results. The delivered datacube has a spatial size of ∼ 63 × 123 , corresponding to ∼ 0.26 × 0.51 pc 2 for the adopted distance, and a contiguous wavelength coverage of 4750-9300 Å at a spectral sampling of 1.25 Å pix −1 . The nebula presents a complex reddening structure with high values (c(Hβ)∼ 0.4) at the rim. Density maps are compatible with an inner high-ionisation plasma at moderate high density (∼1000 cm −3 ) while the low-ionisation plasma presents a structure in density peaking at the rim with values ∼700 cm −3 . Median T e using different diagnostics decreases according to the sequence
Introduction
Planetary Nebulae (PNe) are ionised nebulae resulting from the evolution and death of low-mass (∼ 0.8 − 8 M ) stars. They present a large variety of physical and morphological structures, covering zones from high to low ionisation conditions, and ranging from compact knots at high density to low-density extended haloes. In that sense, PNe constitute ideal laboratories to study the interstellar medium (ISM, see Kwok 1994; Kwitter et al. 2014 , for a review). Likewise, they may present a mix of chemical abundances, a consequence of the complex interplay between the recent ejection history and conditions of the evolved star as well as those of the surrounding ISM. A long-standing issue in this regard is that the measured abundances are higher when using optical recombination lines than from collisionally excited Based on observations collected at the European Organisation for Astronomical Research in the Southern Hemisphere, Chile (ESO Programme 60. A-9100) lines (CELs, e.g. Liu et al. 2000; Corradi et al. 2015; Wesson et al. 2018) .
In view of their diversity and proximity, Galactic PNe constitute a corner-stone for studies of ISM in general, including diffuse ionised gas, H ii regions, starburst galaxies and active galactic nuclei. However, this complexity can typically be displayed within a single object and Galactic PNe have a relatively large angular size. In that sense, observations with a small aperture or slit are clearly insufficient to grasp the full range of conditions that one may encounter within a given object. Instead, having access to full 2D spectroscopic coverage, mapping the whole nebula would be much more desirable.
In the past, this need for spectral mapping was partially fulfilled by multiple slit observations at key positions in the nebula (e.g. Meaburn & Walsh 1981; Cuesta et al. 1993; Akras & Gonçalves 2016; García-Díaz et al. 2012; Lago & Costa 2016) . This is an expensive observational strategy requiring a substantial amount of observing time. Moreover, the effect of the atmo-Article number, page 1 of 21 arXiv:1912.02847v1 [astro-ph.SR] 5 Dec 2019 A&A proofs: manuscript no. preprint spheric differential refraction can be difficult to quantify and the data, as a whole, are not necessarily homogeneous since they can be affected by changes in the observing conditions. Besides, the spatial coverage is not continuous but restricted to representative portions of the nebula.
The use of Fabry-Pérot interferometers, with a relatively large field of view, can overcome this lack of continuous spatial coverage (Pismis 1989; Lame & Pogge 1996) . Moreover, they provide relatively high spectral resolution, thus being an excellent option for kinematic studies. However the spectral range covered by these intruments is typically small, and thus, studies using Fabry-Pérot interferometers focus on the information that can be extracted from one or a few lines.
The advent of Integral Field Spectroscopy (IFS), able to record simultaneously spectra of a relatively large area in the sky, provides an opportunity to obtain at once 2D information of many emission lines, allowing for an accurate determination of the physical and chemical nebular parameters. Monreal-Ibero et al. (2005 were pioneers in applying this technique to PN research. They made use of the VIMOS IFU, the one with the largest available field-of-view at the time, to study the physical properties of the faint halo of NGC 3242. In the following years, the technique gained popularity in slow but steady mode. Thus, soon after, Tsamis et al. (2008) used the FLAMES instrument in Argus mode to map a considerable portion of NGC 7009, NGC 5882, and NGC 6153. Likewise, Sandin et al. (2008) used PMAS to characterise the faint halos of several PNe. Later, Monteiro et al. (2013) derived spatially resolved maps of the electron densities, temperatures, and chemical abundances for NGC 3242. In recent years, several southern hemisphere PNe have been studied using data obtained with the Wide Field Spectrograph (WiFeS) on the 2.3-m ANU telescope (e.g. Ali et al. 2016 , and references therein). All these works nicely illustrate how IFS is an excellent approach to study Galactic extended PNe. Still, IFS-based existing instrumentation up to now covered a small to moderate field-of-view (f.o.v.), and thus one must choose between fully mapping relatively far (and thus small angular size) PNe, or studying (previously identified) key portions of the nebula. The Multi-Unit Spectroscopic Explorer (MUSE, Bacon et al. 2010) in its Wide Field Mode can map at once an area of ∼ 60 × 60 at exquisite spatial sampling. These dimensions nicely suit the size of many nearby Galactic PNe. Walsh et al. (2018 Walsh et al. ( , 2016 demonstrated its potential with a detailed study on NGC 7009. The team obtained spatially resolved maps for electron densities, and temperatures, as traced by several (>3) diagnostics, as well as chemical abundances for oxygen and helium and ionic abundances for several other species. The wealth of derived information might well sound like opening Pandora's box, but is essential to ultimately obtain a fully self-consistent 3D picture of the physical and chemical properties of the individual nebula.
With the same esprit, we present here our work on the MUSE data for NGC 3132. The aim of the contribution is two-fold. On the one hand, we provide the community with the fully reduced MUSE datacube, as well as the derived emission line maps on a spaxel-by-spaxel basis for public use. On the other hand, we illustrate the potential of the data by addressing some scientific cases. Specifically, i) we will use the emission line maps created on spaxel-by-spaxel basis to explore the physical (extinction, electron density and temperature) and chemical (ionic and total abundances) properties in the nebula; ii) we will characterise two newly identified structures at the northern and southern extremities of the nebula; iii) we will discuss what can be learned for the kinematics of the nebula at the MUSE spectral resolution; iv) we will provide a simple 1D photoionisation model to evaluate how the 2D discrepancies affect our conclusions about the structure of the nebula. However these topics by no means exhaust the full exploitation of the data. Further analysis could be done by e.g., a smart binning of the datacube to increase the signal-to-noise of the spectra at the expense of some loss of spatial resolution, or by using (3D) ionisation codes to reproduce the mapped quantities. Even if these and other examples are out of the scope of this contribution, by making the reduced datacube publicly available, it is our expectation that these and other studies can be addressed in the future.
NGC 3132 is a PN with a relatively low abundance discrepancy factor (adf=2.4, Tsamis et al. 2004) . With an angular size of ∼ 58 × 85 (Mata et al. 2016 ), this PN is too big to fit in one single MUSE pointing. Still, areas much larger than MUSE f.o.v. can successfully be mapped by mosaicing, as has been proven for the Orion Nebula (Weilbacher et al. 2015a,b) . NGC 3132 presents an elliptical ring inner structure and an outer irregular ellipse of lower surface brightness (Juguet et al. 1988 ). This would suggest an intrinsic ellipsoidal geometry. However, an elliptical model is not able to reproduce all the observational features for the nebula. Instead, a diabolo-like model seems more adequate to represent its structure (Monteiro et al. 2000) . Evans (1968) determined that the spectral type of the bright central star was about A3V and thus it could not be the ionising star. This was discovered by Kohoutek & Laustsen (1977) , who confirmed that there was actually a binary system at the centre of the nebula. Our current understanding of the central object is that it is a wide visual binary with a most-likely A0 central-star companion (Ciardullo et al. 1999) and an ionising star with a luminosity of log(L/L ) = 2.19 and a temperature of T eff =100 000 K (Frew 2008) . Distances reported for NGC 3132 range between 540 and 1240 pc (Gathier et al. 1986; Schönberner et al. 2018; Frew 2008; Monteiro et al. 2000) . In particular, Kimeswenger & Barría (2018) , using Gaia DR2, report a distance of ∼824-904 pc. Here, we will adopt the mean, 864 pc, as distance to the nebula.
The characteristics of the data utilised in this contribution, as well as the methodology to extract the line information, are presented in Sect. 2. Then, an overview of the morphological appearance of the nebula according to flux maps in a range of emission lines is presented in Sect. 3. Following, Sect. 4 discusses the derived extinction structure. Maps of the physical properties are presented and discussed in Sect. 5. The ionic and element abundances are derived in sections 6 and 7, respectively. Although the spectral resolution of MUSE is low, some kinematic information can be derived: in Sect. 8, this is compared to previous work and proposed models. Sect. 9 discusses the properties and nature of the two newly identified structures. Sect. 10 contains the 1D photoionisation model based on the integrated fluxes of the strongest emission lines. Finally, Sect. 11 summarises the main conclusions of this work and outlines perspectives for further studies.
The data

Observations and data reduction
The Planetary Nebula NGC 3132 (PN G272.1+12.3) was observed as part of commissioning run 2a (Bacon et al. 2014 for details). The orange and violet rectangles mark the area used to extract the spectra of the newly detected northern and southern arcs (see Sections 3 and 9). Here, and in forthcoming maps, this image will be presented for reference with ten evenly spaced contours (in logarithmic scale), ranging from 1×10 −18 erg cm −2 s −1 (white) to 1×10 −14 erg cm −2 s −1 (black).
a spatial sampling of 0 . 2, a wavelength coverage of 4750-9300 Å with spectral sampling of 1.25 Å and a typical spectral resolution of ∼2500. Exposures were taken with t exp =60 s at three pointings, with offsets between consecutive pointings of ∼ 30 (∼half of the MUSE field of view) in declination. For each of the two pointings at the northern and southern edges, three exposures were performed at positions angles (PA) 0 • , 180 • and 270 • . The central pointing was observed with a total of seven exposures (two at PA=0 • , three at PA=180 • , and two at PA=270 • ). With this strategy, an area of ∼ 1 × 2 was mapped with a total integration time of either 180 s (at the edges) or 600 s (in the central ∼ 60 × 60 area). Observing conditions were clear and the seeing, as measured as the FWHM of the central star and a field star in the final reduced cube (see below), ranged from ∼ 0 . 7 at 9 100 Å to 0 . 8 at 4 800 Å.
We reduced the data with the public MUSE Instrument Pipeline v1.6.1 (Weilbacher et al. 2014) and EsoRex, version 3.12.3, using the delivered calibration frames (bias, flat field, arc lamp, and twilight exposures), the pipeline astrometric, and geometric files for commissioning data, the vignetting mask and the corresponding bad pixels, atmospheric extinction and sky line tables. The reduction for each individual frame includes bias subtraction, flat-fielding and slice tracing, wavelength calibration, twilight sky correction, sky subtraction, and correction to barycentric velocities. In the last step, individual exposures were flux calibrated -using data for the spectrophotometric standard HD 49798 -, and corrected for differential atmospheric diffraction. The MUSE pipeline also reconstructs a variance cube (STAT) and stores it in an extension in the same file. All exposures for the PN were combined in a single file (i.e. extensions DATA and STAT) of 5.4 Gib. The final output data cube has 316 × 615 × 2681 voxels. To have an idea of the mapped area, a reconstructed image in [N ii]λ6584, created by integrating from λ6578 to λ6589 from the MUSE datacube, is displayed in Fig. 1 .
Line emission measurements
Information was derived on a spaxel-by-spaxel basis. We fitted the different spectral features needed for our analysis by Gaussians using the Python package LMFIT 1 . Line width, σ, was always bounded to be between 1.05 Å and 1.40 Å. For strong and isolated lines, we created images simulating the action of a narrow filter, which were used as initial conditions for the flux (see Fig 1 for the corresponding image for [N ii]λ6584). For fainter or blended lines, a scaled version of one these images (e.g., one tracing the same ion, or an ion with similar ionisation potential) was used instead. The initial condition for the Hβ central wavelength was set to its rest-frame value, reasonable to ensure fit convergence for the expected velocities in Galactic objects. For the other lines, results for a stronger line of the same ion, when available, or for Hβ, otherwise, was used. Most of the lines were independently fitted. The exceptions were: i) Hα, that was fitted together with the [N ii]λλ6548,6584 doublet, and assuming the same width for all the lines; ii) the [S ii]λλ6717,6731 and [Cl iii]λλ5518,5538 doublets, each of them fitted using the same width for both lines; iii) the [O i]λλ6300,6364 doublet, fitted together with the [S iii]λ6312 line. The statistical errors for each voxel delivered by the MUSE pipeline were used to weight the data to be fitted. In all the fits we modeled the local underlying nebular continuum as a one-degree polynomial. The tables with the fitted line fluxes, widths and central wavelengths (and its translation to velocities) as well as the corresponding errors were then reformatted to 2D arrays that were stored as FITS files. These will be referred to throughout the manuscript as both images and maps.
Additionally, maps for the continuum in three spectral windows (from blue to red: 4880-4920 Å, 6800-6840 Å, and 9180-9220 Å) were also created. These were used to estimate the effective spatial resolution quoted above. Finally, maps of the corresponding standard deviation within those same windows were also made. These were used to establish a threshold for reliable emission line measurement. In order to minimize the inclusion of bad fits results, line flux images were cleaned by masking those spaxels satisfying at least one of the following criteria: i) an error for the centroid of the line ≥0.2 Å; ii) a value for flux error in the continuum equal or larger than half the value for the line flux; iii) a velocity smaller than −60 km s −1 or larger than +60 km s −1 ; iv) a flux smaller than 10 −18 cm −2 erg s −1 .
Presentation of the emission line maps
In Fig. 1 bright elliptical rim, and several secondary inner structures (e.g., two lanes of enhanced surface brightness). The basic geometrical parameters for the rim can be recovered by selecting the brightest spaxels and performing a principal component analysis, since this is basically a translation and rotation of the coordinate system. We tried several thresholds in [N ii]λ6584 flux to delineate the rim. The position angle (P.A.) determined in this manner was always around ∼ −22 • (ranging between −20 • and −27 • ). The derived ellipticity was b/a ∼ 0.70, in good agreement with previous characterisations of the morphology of the nebula (e.g. Juguet et al. 1988 ) . On its side, the derived centre of the nebula was always towards the SW of the bright primary star (HD 87892), in the direction of the ionising white dwarf. The specific position depended on the selected threshold in flux, ranging typically between ∼1 . 3 and ∼3 . 1. As a reference, for f([N ii]λ6584) > 2 × 10 −14 cm −2 erg s −1 , the centre was at ∼1 . 6, roughly coincident with the position of the ionising star. Fig. 1 also shows that the nebula extends well beyond the bright rim, presenting an external doily-like shell and two lowsurface brightness arcs at the northern and southern tips of the nebula. The dynamical range covered in this image is extremely high with about three orders of magnitude in surface brightness from the faintest (i.e., the arcs) to the brightest (i.e., the rim) structures. To our knowledge, the presence of these two faint structures has not been reported before. On a spaxel-by-spaxel basis, these are actually only detected in [N ii] and, to a much lower extent, Hα and [S ii] (not shown). These detections suggest that they are some kind of low-ionisation structures (LIS, see Gonçalves 2004 , for a review). In Sect. 9, we will characterise them by analysing their integrated spectra. Even if Fig. 1 is rich in structure, it does not transmit by itself the degree of complexity inherent to a PN: given the complex ionisation stratification in PNe, different structures are better traced by different emission lines. Fig. 2 illustrates this in a synthetic way. This panel contains several colour composite images using flux maps for different emission lines. To better emphasise the structure in the main body of the nebula, the colour tables have been selected such that the low-surface brightness northern and southern arcs, seen in the [N ii] image in Fig. 1 , are not visible (and in any subsequent map in this contribution).
The image in the upper left corner of Fig. 2 was made using three hydrogen recombination lines, with the R/G/B channel allocated for the reddest/central/bluest line, in such a way that areas with higher extinction would appear reddish. Both the rim and a lane crossing the northern side of the nebula are slightly reddish, indicating some extinction. This will be quantified in Sect. 4. The other two images in the upper row contains maps of ions with very different ionisation degree. The one in the centre was made using lines -from R to B channel -of neutral, singly ionised and doubly ionised oxygen, while the one on the right contains the neutral (B) and singly ionised (G) nitrogen, and doubly ionised chlorine (R). Both images trace a similar structure. Even though the ionisation potentials for [Cl iii] and [O iii] are comparable, the area of high ionisation as traced by [O iii] extends well beyond that traced by [Cl iii], since the λ5518 emission line is much weaker than the λ4959 emission line. Images in the lower row always contain a map in Hα for reference. The one on the left summarises the emissivity distribution in the main recombination lines. Since Hα is found all over the nebula, those locations with an overabundance of neutral helium, should this exist at all, would have been seen in dark blue. This colour is absent in this panel. Instead most of the nebula is coloured in different shades of cyan (=B+G) indicating that singly ionised hydrogen and helium occupy a similar extension. Still, an inner circular area of about 32 in diameter is displayed in magenta (=B+R), indicating the presence of double ionised helium. The sharp transition between the magenta and cyan areas indicates that the nebula is ionisation bounded in He ii. The other two figures display a structure similar to that for the three oxygen lines but with softer contrast.
Mapping the extinction structure
Extinction was derived using the RedCorr() method in PyNeb 2 , assuming an intrinsic Balmer emission line ratio of Hα/Hβ= 2.89 (Osterbrock & Ferland 2006) , which is the mean expected value for T e 's between 6 000 and 12 000 K and N e 's between 200 and 1200 cm −3 . Variations of this ratio within this range are always 1%. The assumed extinction curve was that provided by Cardelli et al. (1989) with R V = 3.1. The obtained c(Hβ) map is presented in Fig. 3 . Errors were computed using a Monte Carlo approach with 50 trials and assuming that the errors on both lines followed a normal distribution.
Additionally, similar maps were created by comparing Hα with other hydrogen recombination lines (Paschen 9. . . 12). The obtained reddending maps were comparable to that shown in Fig.  3 , but with somewhat greater uncertainties.
About 90% of the spaxels have c(Hβ)<0.32. In particular, most of the surface of nebula presents relatively low reddening with median value of c(Hβ)=0.14, corresponding to E(B − V)=0.09. This suggests that this extinction is caused by foreground material, and not intrinsic to the nebula. For the assumed distance here of ∼864 pc (Kimeswenger & Barría 2018) , Capitanio et al. (2017) reports an E(B − V)∼0.05±0.03 along this line of sight. Our estimated foreground extinction is slightly larger, but consistent with this value, allowing for the existence of plausible inhomogeneities in the foreground ISM, smaller than the resolution of the 3D reddening maps.
Even if most of the nebula has a uniform extinction distribution, Fig. 3 shows that there is actually considerable structure, with non-negligible areas of much higher extinction (e.g., over the inner northern lane). The rim displays a particularly high extinction reaching values of up to c(Hβ)∼0.50, just beyond its eastern side. Reddening is expected to be higher in regions with higher content in molecular gas. In that sense, it would be interesting to compare the map presented in Fig. 3 with mid-IR images tracing H 2 . Mid-IR spectroscopy with Spitzer/IRS has revealed both H 2 line emission and Unidentified Infrared Emission features or bands (UIEs or UIBs), believed to be caused by PAHs and related species (Draine & Li 2007) 3 , in the main body of the nebula (Mata et al. 2016) . Hora et al. (2004) presented images with IRAC on board of Spitzer in its four available bands for NGC 3132. They are sensitive to different H 2 line emissions (IRAC 4.5 µm, 5.8 µm, and 8 µm bands), and several UIBs (IRAC 3.6 µm, 4.5 µm, 5.8 µm bands). In spite of the differing spatial resolution (higher in the optical image), a comparison of Fig. 3 with their figures 1 and 2 show how the regions within the nebula with high extinction also display high surface brightness in the IRAC bands, as expected.
2D maps of extinction in PNe from optical recombination lines are rare. A similar but less extreme result was also found recently for NGC 7009 (Walsh et al. 2016) . Actually, the level of structure, as well as the covered range in reddening in NGC 3132, is much higher than that found for NGC 7009. Large small-scale variations in reddening in other PNe determined using other IFUs (e.g. NGC 5882, Tsamis et al. (2008) ), or other techniques (e.g. NGC 7027, Woodward et al. (1992) ; NGC 40, Leal-Ferreira et al. (2011)) have also been reported. In particular, evidence for peripheral enhancements of extinction have been reported in e.g., NGC 2346 (Phillips & Cuesta 2000) . In view of these examples, it is tempting to speculate that many PNe possess internal dust and hence display reddening inhomogeneities. Further detailed 2D extinction maps in other PNe would be desirable to address this issue.
Mapping electron temperature and density
There are several spectral features within the MUSE wavelength coverage that can be used to determine the electron temperature (T e ) and density (N e ). In the following, we discuss the maps derived from these tracers on a spaxel-by-spaxel basis. Likewise, to get a synthesized overview of the measured quantities, we compile a summary describing the derived Gaussian parameters, as well as the estimated uncertainties, in Table 1 . The uncertainties were estimated by means of Monte Carlo simulations with 50 trials in each case and assuming that the flux errors followed a normal distribution.
T e and N e from collisionally excited species
We produced N e and T e maps from the extinction corrected maps of the CEL ratios Thus, this is a good starting point to have a first idea of the covered range in T e and N e . We derived T e maps assuming three different values of N e : 10 2 , 10 3 , and 10 4 cm −3 . For a given ion, maps derived using N e =10 2 cm −3 and N e =10 3 cm −3 where comparable. Assuming N e =10 4 cm −3 resulted in slightly lower temperatures (differences < 1% for the [O i] and [S iii] ions, and < 4% for [N ii]).
Likewise, we derived N e maps assuming a uniform T e with three values: 8 000, 10 000, and 12 000 K. In this case, maps using the [Cl iii] emission lines were comparable independent of the assumed T e for the estimated uncertainties, while differences for the maps using the [S ii] emission lines could be as large as 10%.
Then we used the diags.getCrossTemDen method, that cross-converges the T e and N e derived from two sensitive line ratios, by inputing the quantity derived from one line ratio into the other and then iterating. After exploring the outcome of Atom.getTemDen, we assumed T e =9 000 K as initial condition. We derived two pairs of maps: one for the [N ii] 5755/6584, and [S ii] 6731/6716 line ratios, representative of lower ionisation plasma, and another one for the [S iii] 6312/9069, and [Cl iii] 5538/5518 line ratios, for higher ionisation. However since, i) densities derived with the Atom.getTemDen method were <2 000 cm −3 , ii) the derived temperature is almost independent of N e in this range, iii) the number of spaxels with information for the [Cl iii] lines is much smaller than for the [S iii] lines, the T e map discussed hereafter, will be the one assuming a constant N e = 10 3 cm −3 . For similar reasons, the N e ([Cl iii]) map assuming T e =10 000 K will be used for the higher ionisation plasma. Results are summarised in Fig. 4 . The derived N e ([N ii], [S ii]) map is consistent with the available N e ([S ii]) profiles for the E-W and N-S directions (Krabbe & Copetti 2005; Juguet et al. 1988) , and extend those to the whole surface of the nebula: N e ([N ii], [S ii]) is highest at the rim. There are also other locations with high N e ([N ii], [S ii]), coincident with the dust lanes.
The N e ([Cl iii]) map, made on a spaxel-by-spaxel basis is subject to much larger uncertainties and does not reveal any clear structure, other than a possible increase of N e ([Cl iii]) at the rim. Tsamis et al. (2003) report N e ([Cl iii])=720 cm −3 for an integrated spectrum of the nebula. This is somewhat smaller than the typical derived values from the MUSE data, but still in agreement within the estimated uncertainties.
The T e ([N ii], [S ii]) and T e ([S iii]) maps are pretty similar in terms of covered range of temperatures and structure: both are typically between 8 800 and 10 700 K and both display higher values at the rim. Still, variations of the T e ([S iii]) are slightly more extreme, with the region inside the rim presenting a higher contrast between the innermost and highest ionisation zone (i.e., that with He ii detection, see Fig. 2 ), and that closer to the rim, with lower T e . Overall, the derived T e ([N ii], [S ii]) values are compatible to those reported in the literature (T e ([N ii])=9350 K, for the integrated spectrum (Tsamis et al. 2003) , mean value of T e ([N ii])=10 163 K, along a N-S slit (Krabbe & Copetti 2005) ). The [N ii]λ5755 line can be affected by recombination, leading to an apparent enhancement of T e . However, this effect has been reported to be negligible in NGC 3132 (Krabbe & Copetti 2005) ; a finding confirmed by the photoionization model presented in Sect. 10.
Finally, in a somewhat smaller fraction of spaxels, we could also derive T e ([O i]), although with large uncertainties. We used the Atom.getTemDen method and assumed N e =1 000 cm −3 . In
and T e ([O i]) display values around ∼800 K without any relevant structure. NGC 3132 is known to have strong near-infrared (vibrationally excited) molecular hydrogen (Storey 1984) and CO (Sahai et al. 1990 ) emission, both peaked on the shell where [O i] is strong. In addition, mid-infrared rotational H 2 lines have been detected (Mata et al. 2016) 
T e from He i
The T e and N e diagnostics presented in previous section are based on collisionally excited species. In order to prove the physical properties of the optical recombination lines (ORL) emitting regions, one can use line ratios of certain recombination lines. In particular, Zhang et al. (2005) showed that the ratio of the He i λ7281 and λ6678 recombination lines constitutes a suitable diagnostic for the ORL temperature. We used the extinction corrected He i 7281/6678 line ratio map and minimized the analytic fits presented by Benjamin et al. (1999) , but with the most recent emissivities for these lines (Porter et al. 2013 ). According to Zhang et al. (2005) , the He i 7281/6678 ratio is not very dependent on the electron density. So the value was fixed in the minimization process. We tried three options: uniform low (170 cm 3 ) and high (1200 cm 3 ) N e , and that derived from the [N ii] and [S ii] line ratios ( Fig. 4, upper left panel) . The resulting T e (He i) maps were equivalent. Likewise, an assumption for the initial T e was needed. Again, we tried three options: uniform low (8 000 K) and high (12 000 K) T e , and the derived T e map from the [N ii] and [S ii] line ratios. Again, the resulting map was stable against the assumed initial condition. The lower right panel in Fig. 4 contains the resulting T e (He i) map. The mean and median values are consistent with the T e (He i) reported by Zhang et al. (2005) while the range in temperatures is much more extreme than those found from the CELs.
T e from H i Paschen Jump
There is another T e diagnostic available within the MUSE spectral range: the magnitude of the series continuum jump for bound-free transitions of H i. The identical method to derive the flux difference across the Paschen Jump as in NGC 7009 (Walsh et al. 2018 ) was applied to the equivalent data for NGC 3132. The mean continuum in carefully selected line-free windows on both sides of the Paschen Jump was measured in each reddening corrected spaxel spectrum. Then, the calibration of the difference of the blue and red continua with respect to the flux of the (dereddened) P11 line was applied as a function of T e and N e (Fig. 4 ) and the fractions of He + and He ++ with respect to H + (see Appendix A in Walsh et al. 2018) . The maps of He + and He ++ (Sect. 6) were employed. For the N e map, the closest match in terms of ionization is the one calculated from [S iii] and [Cl iii] but since there are a substantial number of spaxels with low signal-to-noise in this map, we adopted a single mean value of 1000 cm −3 (for all spaxels with a detected Paschen Jump). An initial estimate of T e from [S iii] was employed to determine T e (PJ) followed by one iteration with the derived T e (PJ) map (see Walsh et al. (2018) for details). Since the dependence of the Paschen Jump on N e is very weak at such densities (see Fig. A2 in Walsh et al. 2018) , little loss of accuracy results from this strategy.
As for NGC 7009, no correction for the presence of stellar continuum on the Paschen Jump was applied (c.f., Zhang et al. 2004) , so spaxels over the seeing disk of the central star, and the field star to the south-west of the central star, will produce erroneous estimates of T e (PJ). The left panel in Fig. 5 shows the resulting map of T e (PJ). The mean value is 7020 K with a root mean square (RMS) of 2430 K (3 × 3 σ clipped mean); the mean signal-to-error over the map, based on 100 Monte Carlo trials using the propagated errors on the measured PJ, is 3.6. Spaxels over the seeing disks of both stars have not been included in these statistics.
Mapping the temperature fluctuation parameter t 2
Comparison of a map of T e from the CEL line ratio for [S iii] and the ORL Paschen Jump provides the temperature fluctuation parameter, t 2 , introduced by Peimbert (1967) . An identical procedure was followed as for NGC 7009 (see Sect. 5.4. in Walsh et al. 2018 ) and the mean temperature, T 0, and the temperature fluctuation parameter, t 2 , were determined by minimizing the difference of the observed T e 's against the difference given by Walsh et al. (2018, Eqn. 1 & 2) . The central and right panels in Fig. 5 show the T 0 and t 2 maps: the (3-σ clipped) mean values are 8250 K and 0.111, respectively. Similar to NGC 7009, large values of t 2 are derived, much larger than expected from the small values encompassed by the t 2 formulation (Peimbert 1967) . 
Discussion of physical properties
Comparison of electron densities
The [S ii] line ratio is a density diagnostic tracing the lowionisation parts of the nebula, while that using the [Cl iii] lines traces better the density in the high-ionisation parts, since the S + zone is basically separated from the Cl +2 zone, assuming a simple ionisation stratification. The relation between these two tracers on a spaxel-by-spaxel basis is shown in Fig. 6 and for most of the spaxels, N e ([Cl iii]) > N e ([S ii]). With the reasonable assumption of more high-energy photons in the inner regions of the nebula (i.e., closer to the ionising star), this implies a decrease of density with increasing distance from the central star. Whether the assumed geometry of the PN is a diabolo or an elliptical shell, previous models of the nebula based only on N e ([S ii]) profiles for the density suggest NGC 3132 as a hollow structre, or at least filled by low density material. The measured N e ([Cl iii]) values add new information that complement any of these pictures, and point towards a more layer-like structure, with a higher-density and higher-ionisation inner layer filling the outer lower-ionisation layer.
Comparison of electron temperatures
The different electron temperatures are compared on a spaxelby-spaxel basis in Fig. 7 both as maps and histograms. Using measurements of ∼30 positions in NGC 3132, Krabbe & Copetti (2005) Fig. 7 , this time based on measurements on > 5 × 10 5 spatial elements, supports and delineates much better the finding hinted at Krabbe & Copetti (2005) : there is clear corre- ) and with increasing differences at increasing temperatures. This second branch with the highest T e 's corresponds to the spaxels mapping the rim and beyond, as well as the innermost region, with the highest ionisation.
The other 2D histograms in Fig. 7 also reveal substructures. For example, the lower left panel shows a region of high T e (He i) and T e ([S iii]) with lower temperature differences (i.e., closer to the diagonal line). An inspection of the accompanying T e difference map and those presented in Figs. 4 reveals that this substructure again delineates the rim. A similar behaviour, although much more subtle, is displayed in the two 2D histograms on the right side of Fig. 7 : the rim is revealed as a substructure with high T e (He i) and T e ([S iii]), and T e (PJ)∼8 000 K.
Comparisons between T e (and N e too) traced by different ions at different positions within a given PNe exist in the literature (e.g. Krabbe & Copetti 2005) but are rare. They are based typically on a relatively low number of data points, and thus they are not adequate for the construction of these kind of 2D histograms. It is the capacity of IFS-based instruments, like MUSE, to provide a large amount of high quality data points that allows for their construction. As hinted at the example of NGC 3132, they may be well used to define regions that share ionisation conditions. Perspectives are even better for foreseen instruments such as HARMONI or BlueMUSE, since their higher spectral resolution would allow a much better definition of the regions in terms of radial velocity. A similar discussion would apply to highly multiplexed multi-object spectrographs sampling for example populations of unresolved PNe in other galaxies. Should the number of measured physical magnitudes become too large to be managed with a set of few 2D histograms, PNe (or regions within a given PN) with similar ionisation conditions could well be identified by means of unsupervised machine learning methods, where these would appear as members of the same cluster.
For NGC 3132, temperatures derived from the recombination lines (T e (PJ) and T e (He i)) are lower than those from CELs: median T e decreases according to the following sequence:
Temperatures derived from recombination lines also cover a much larger range than those derived from CELs (T e ([N ii], [S ii]) and T e ([S iii])). Zhang et al. (2004) reported similar tendencies using the electron temperatures derived from the Balmer Jump and the [O iii] forbidden lines for single measurements in a sample of PNe. They proposed the existence of dense clumps within the PN as a possible explanation for this result (together with large t 2 for some of the nebula). A similar situation may well be at play here. But, maps in Figs. 5 and 7 show further how both the fractional mean-square temperature variations and temperature differences between different diagnostics change depending on the location within the nebula suggesting that the distribution and/or characteristics of the clumps, should these exist, vary across the nebula.
T e (PJ) and t 2 morphology
Comparison of the morphology of the T e ([S iii]) ( Fig. 4) map with that for the Paschen Jump (Fig. 5 ) reveals a correspondence between the central region of elevated T e ([S iii]) and low T e (PJ), but no evidence for an association with the higher T e ([S iii]) values around the prominent shell in the PJ map. In spatial coincidence to the chordal filament crossing the shell to the NW of the Article number, page 9 of 21 A&A proofs: manuscript no. preprint Fig. 4) . The morphology of the T 0 image (central panel in Fig. 5 ) is dominated by the T e (PJ) map with a mean value increased by ∼ 1200 K and no evidence of the morphology of the outer shell so clearly apparent in the T e ([S iii]) image. The t 2 map however shows closer correspondence to the T e ([S iii]) image: a signature of the bright shell (as elevated t 2 ); the central region showing elevated t 2 in spatial association with the region of lowered T e (PJ). Values of t 2 are high around the central star with the highest values (up to 0.24) at smaller stellar offset radii.
Ionisation maps
We derived maps of the ionic fraction with respect to H + by using those lines with sufficient signal-to-noise on a spaxel-by-spaxel basis over a significant fraction of the nebula. Tables 2 and 3 con-tain summaries describing the derived values, as well as the estimated uncertainties. When a given abundance could be derived from several lines (e.g. O ++ ), all of them where used, to identify possible discrepancies due to e.g. a saturated line in certain spaxels. In all the cases, ionic abundances from CELs were determined using the method getIonAbundance of the Atom class in PyNeb. Ionic abundances from recombination lines -here only for helium -were calculated using the method getEmissivity of the RecAtom class in PyNeb. As with the physical properties, uncertainties were estimated using Monte Carlo simulations with 50 realisations in each case, and assuming a normal distribution for the errors of the involved lines. Following, we present the mapped ionic abundances.
He +
There are several singlet and triplet recombination He + lines within the MUSE spectral coverage, that may or may not be af- fected by collisional and radiative transfer effects. In the particular case of helium, the 2 3 S level is metastable and, under certain conditions, the optical depths in lower 2 3 S-n 3 P 0 lines imply non-negligible effects on the emission line strengths (Osterbrock & Ferland 2006) . Radiative effects are not important for photons from the singlet cascade. For transitions in the triplet cascade, the strongest net effect in the optical is for the λ3889 line (not covered with MUSE) which is weakened by self-absorption, followed by the λ7065 line, strengthened by resonance fluorescence. The strong λ5876 line, also in the triplet cascade, is only mildly affected. Here, we use the four red and brightest He i lines (see Walsh et al. (2018) and Monreal-Ibero et al. (2013) for a discussion of the choice of lines). Specifically, these are two singlet lines, insensitive to radiative transfer effects (λ6678 and λ7281), and two triplet lines (λ5876 and λ7065).
The relative importance of radiative transfer effects is quantified by the correction factor, f τ (λ), for each line which is a function of the optical depth at λ3889, τ(3889). This factor depends on the ratio between the radial and thermal velocity. Meatheringham et al. (1988) and v exp ([O iii]) ∼ 15 km s −1 , suggesting a ratio between radial and thermal velocity of ω ∼2. Robbins (1968) provide tabulated values for f τ (λ) for ω ∼0, 3, 5 and T e = 10000, 20000 K. We calculated τ(3889) using the values for ω ∼3 and T e = 10000 K, which are the closest to the values measured for NGC 3132. In the left panel of Figure 8 , the map for the derived optical depth τ(3889) is presented. This is relatively low in most of the nebula, with the exception of the rim, where it reaches values of ∼5.
The He + map is presented in the central panel of Figure 8 . This was created using the strongest He i singlet line (λ6678), and the T e and N e maps derived from the [S ii] and [N ii] emission lines. Because of the low values of τ(3889) in NGC 3132 and the mild dependence of the λ5876 line on radiative transfer effects, the He + map using this latter line was comparable. The He + map created from λ7281 was comparable too, although covering a smaller area, since this is a fainter line.
He ++
The best optical line to derive He ++ abundances would be the strong recombination line at λ4686. This is, however, only ac-cessible with the MUSE extended mode, not used here. Still, the He ii line at λ5411 was detected over an important fraction of spaxels (see Fig. 2 ). Thus, we used this line instead. The produced He ++ / H + map is presented in the right panel of Fig. 8 . Since He ++ should be confined to the regions with higher excitation, it was created using the T e ([S iii]) map and the median value for the N e ([Cl iii]) map. Still, similar maps were produced using other combinations of T e and N e (e.g., T e ([N ii],[S ii]) and N e ([N ii],[S ii])). The derived ionic abundances were equivalent within the uncertainties, as expected, given the weak dependence of recombination lines on T e and N e within the range of values in NGC 3132.
The He ++ abundance decreases with radius. The nebula is almost isotropically thick to high energy (hν > 54.4 eV) photons, running out of them at a distance of ∼15 from the central star. Only in the north-west direction, the nebula presents a blister-like structure where high energy photons can reach radial distances up to ∼20 . The derived maps for the three ions are presented in Fig. 9 . There are several oxygen forbidden lines falling in the MUSE spectral range available this purpose. For the doubly ionised oxygen, we used both the [O iii]λ4959 and [O iii]λ5007 lines together with the T e ([S iii]) maps, as presented in Fig. 4 , and the median of the derived N e ([Cl iii]). The derived median abundance is compatible with those previously reported measured using integrated spectrum over specific areas (Tsamis et al. 2003; Delgado-Inglada et al. 2015) .
For single ionised oxygen, we adopted the T e ([N ii],[S ii]) and N e ([N ii],[S ii]) maps. We used both the [O ii]λ7320 and [O ii]λ7331 lines. This doublet may be affected by a certain O ++ recombination contribution. We estimated this contribution using the correction scheme proposed by Liu et al. (2000) , and the O ++ /H map derived above and found that for the particular case of NGC 3132, this was negligible (<1%) at the rim and dust lanes, but could reach values up to ∼10% in the low surface brightness part of the inner nebula. The range of covered O + /H values is compatible with those previously reported, measured using integrated spectra over specific areas (Tsamis et al. 2003; Delgado-Inglada et al. 2015) . 
N, S, Cl, and Ar ionisation maps
A blend of four N ii recombination lines at ∼5650-5690 Å, with the strongest line at λ5679.6 is covered by the MUSE spectral range. Still, these lines are extremely faint, and even if the λ5679.6 could be identified in some of the spaxels, the depth of the data was not enough to adequately de-blend all the lines for a significant fraction of the spectra on a spaxel-by-spaxel basis. Thus, all the maps for ionic nitrogen abundance presented here were derived from CELs. Specifically, we used the [N i]λ5199, [N ii]λ6548, and [N ii]λ6584 lines. For both, N + and N 0 , we employed the N e and T e maps as derived from the [S ii] and [N ii] lines. A representative map for each ion is presented in the left column of Fig. 10 .
Likewise, abundances in several ionisation states from CEL could be measured for sulfur. In particular, the S + abundance was estimated using the [S ii]λ6716 and [S ii]λ6731 lines, while that for S ++ was calculated using [S iii]λ9069 and [S iii]λ6312. For S + , we used the maps for T e ([N ii],[S ii]), as presented in Fig.  4 , while for S ++ , we used the T e ([S iii]) map and the median of Also, two chlorine ionisation states are sampled with CELs falling in the MUSE spectral range. The Cl ++ abundance can be estimated from the [Cl iii]λ5518 and [Cl iii]λ5538 lines, while for Cl +++ the [Cl iv]λ8044, although faint, was detected in the inner parts of the nebula. To determine the abundances for both of these ions, we simply used the T e ([S iii]) map and the median of N e ([Cl iii]) map, as for S ++ . A representative map for each ion is presented in the right column of Fig. 10 .
Finally, some argon CELs also fall in the MUSE spectral range. [Ar iv]λ7237 and [Ar iv]λ7263 were too faint to derive a reliable Ar +++ abundance on a spaxel-by-spaxel basis. Thus, for this element we determined only the Ar ++ abundance. We used the [Ar iii]λ7136 and [Ar iii]λ7751 lines together with the T e ([S iii]) map and the median of N e ([Cl iii]) map. A representative map for this ion is presented in Fig. 11 .
In general, all the derived values (see Tab. 3 and Figs. 10 and 11) are in accord with ionic abundances as measured in specific areas reported in the literature (Tsamis et al. 2003; Delgado-Inglada et al. 2015) but extend these determinations over the whole face of the nebula.
Element abundance maps
Helium
As starting point, we assumed that the amount of He 0 is negligible in NGC 3132 (see also discussion about Fig. 2 in Sect. 3), and we calculated the total amount of helium by simply summing the He + and He ++ maps derived in previous section. The simple 1D photoionisation model presented in Sect. 10 predicts that 3% of the detected helium is neutral, although of course provides no hint as to its spatial dependence. Basic statistics are included in Table 3 while the resulting map is presented in Figure 12 . The derived abundances are compatible with those previously reported using integrated spectra over specific areas (Tsamis et al. 2003; García-Hernández et al. 2016) .
The map in Fig. 12 shows slightly higher values at the rim and some parts of the shell, but still these enhancements are always < 10% of the typical median helium abundance. This is at a level comparable with our estimated uncertainties. Thus, it cannot be concluded that this implies an overabundance in helium at those locations. Still, it is worth noting that the spaxels with higher He/H values are localised and present a rather coherent distribution. A similar situation was also identified in NGC 7009, also observed with MUSE (Walsh et al. 2018) .
Oxygen
There are no [O iv] lines in the optical spectral range. Thus, in absence of observations in the ultraviolet or infrared, in order to derive the total oxygen abundance, one must correct for the presence of O +++ . When the abundance of one or several ions of a given element is not available, it is customary the use of different ionisation correction factor (ICF) schemes. These rely on the available abundances of ions of other elements with comparable ionisation potentials to those of the ionic species of the element of interest. For the particular case of oxygen, typical schemes make use of certain combinations of the He + and He ++ abundances. The first one was proposed by Torres- Peimbert & Peimbert (1977) . Later on Kingsburgh & Barlow (1994) and Delgado-Inglada et al. (2014) proposed additional schemes based on this same ratio. All of them were determined for the nebula as a whole. Now that integral field spectroscopic observations are carried out in a routine manner and several 3D ionisation codes are available, Morisset (2017) suggested the possibility of using ICF schemes that change depending on the local conditions within the nebula.
Still, the first step should always be exploring the consequences of using the same scheme all over the nebula. The simplest expectation is that, after correction, the nebula should present an (almost) homogeneous abundance. Departures from this homogeneity may suggest the path to be followed in the search for an optimal location-dependent ICF scheme. Fig. 13 presents the oxygen abundance maps, using all the three mentioned ICF schemes. These are not affecting the outer part of the nebula, since He ii was not detected there. Thus, all the three maps are equivalent there. The abundance maps are relatively flat in all the cases, being the flattest when using the scheme proposed by Torres- Peimbert & Peimbert (1977) . Both the schemes by Kingsburgh & Barlow (1994) and Delgado-Inglada et al. (2014) still show a small deficit and would need an additional correction of about 7-10% to attain a similar level of homogeneity as with the former ICF scheme. A similar exercise with NGC 7009 also showed better results (understood as closer to flatness in abundance) when using the scheme proposed by Torres- Peimbert & Peimbert (1977) . Proposing the optimal correction scheme for oxygen abundances in PNe when spatial information is available is well beyond the scope of this contribution. It would certainly need similar data for more examples of PNe, as well as detailed photoionisation modeling. Still, the two cases studied so far suggest that a scheme not that different to that proposed by Torres- Peimbert & Peimbert (1977) should suffice.
Velocity maps
A key piece of information to understand the evolutionary status of a planetary nebula is its expansion velocity, or more correctly, the expansion velocity field in a 2D study. It can be used to estimate the kinematic age of the nebula, and put constraints on the post-AGB age. In the case of time-dependent nebular expansion, this simple estimate of kinematic age will need refinement. However, rigorous measurement of this information is not straight-forward. The expansion velocity could be estimated by e.g., disentangling the approaching and receding side of the nebula by means of high-resolution spectroscopy. Yet, the derived velocities would depend on the used ion and the position within the nebula where the measurement is taken. For the specific case of NGC 3132, Sahu & Desai (1986) measured . The diagrams showed that lines were double peaked with differences between peaks always 100 km s −1 for [N ii]. In the northern half of the nebula, the bluest peak was largely dominant, and the red peak was barely detected, whilst this behaviour was reversed in southern half. For [O iii] , differences between peaks were smaller ( 50 km s −1 ) with a less clear separation between peaks. Fig. 14 shows the derived MUSE velocity maps for a selection of the strongest emission lines. The upper row contains those for neutral to doubly ionised oxygen, while the lower row contains three ions with very different ionisation potential. For the lines presented in this figure, MUSE resolution ranges from ∼1700 ([O iii]λ5007) to ∼2800 ([O ii]λ7320), corresponding to a FWHM ranging from ∼180 to ∼110 km s −1 . This is clearly not enough to resolve the double-peaked profiles previously reported. Nonetheless, MUSE 2D mapping capability in many emission lines offer valuable information to understand the dynamical status of the nebula. The figure shows that kinematics in the nebula is complex. Yet, some patterns are recognisable: i) in the area inside the rim, those ions with higher ionisation potential (He ii, [O iii]) or extending in the whole extent of the nebula along a given line of sight (Hα) present a velocity field without any structure tracing the systemic velocity of the nebula (v sys = 5 ± 1 km s −1 ), defined as the mean of the medians in the maps presented in Fig. 14; ii) always inside the rim, those ions that, in a stratified view of the nebula, should occupy a more external shell-like structure ([O ii], [O i], [N ii]) display a more structured velocity field with approaching velocities in the northern half of the nebula and receding velocities in the south; iii) the contrast between the approaching and receding side is larger for ions with lower ionisation potential, following the sequence [O ii]→[N ii]→[O i]; iv) when lines are detected beyond the rim, in the doily-like shell, the behaviour is reversed, with receding velocities in the northern side and approaching velocities in the southern one; v) the map for the ion with the highest ionisation potential (He ii), which should be confined to the innermost layer of the nebula presents somewhat redder velocities in the northern half of the nebula, with differences between the northern and southern halves of ∼4 km s −1 An expanding shell-like picture seems difficult to reconcile with the whole set of these patterns. Instead, the derived velocity fields could fit much better in the diabolo-like picture proposed by Monteiro et al. (2000) . Additionally it can provide some constraints regarding the orientation and inclination of the diabolo structure. In the map with the highest contrast (v([O i])), the line emission should come from a comparatively thin layer along the line of sight. Thus, this map can be used to define the geometry of the "walls" of diabolo structure. The global velocity field, including both the inner and outer parts of the nebula, can be seen as two intertwined ring-like structures, each of which would delineate one of the sides of the diabolo. The position angle of the major axis of the nebula (∼ −22 • , see Sect. 3) should give the relative orientation of the two structures, while the ellipticity of each of the rings would give the inclination of the diabolo with respect to the plane of the sky. We measured a ratio between mi-Article number, page 15 of 21 A&A proofs: manuscript no. preprint nor and major axes in both ellipses of about b/a ∼ 0.7 − 0.8, implying an inclination angle of i ∼ 40 − 45 • . In this picture, the orientation with respect to the plane of the sky is quite in accord with that proposed by Monteiro et al. (2000) . However, the position angle at which the diabolo should be oriented is somewhat different. The other low-ionisation lines would trace a similar structure, but inner and closer to the ionising source. On their side, higher ionisation species would occupy the innermost part of the nebula. The spectral resolution of the present data does not allow to discern whether they will do so as a wholly filled structure or a similar diabolo-like structure but with smaller velocity differences between the northern and southern sides of the diabolo. In spite of the relatively low spectral resolution provided by MUSE, the analysis presented here nicely illustrates the power of 2D kinematic information in many emission lines to probe the intrinsic structure of the nebula. Currently, work using IFS data to disentangle the 3D intrinsic structure of PNe by means of detailed kinematic analysis exist, but are relatively rare and generally rely on one or only a few lines Danehkar (2015) ; Danehkar et al. (2016) . The complementary approach of using Fabry-Pérot instruments to derive 2D kinematic information at high spectral resolution (again typically for one or a few spectral features) has also already proved its potential (e.g. Pismis 1989; Arias et al. 2001) . Clearly, kinematic studies of this (and other) PNe would greatly benefit from the existence of instruments capable of simultaneously observing many lines at relatively high spectral resolution, such as the recently proposed BlueMUSE (Richard et al. 2019 ).
The low-ionisation structures
In Sect. 3, we reported the detection in [N ii] (and to a certain extent, also in Hα and [S ii]) of two extended arc-like structures at the northern and southern poles of the nebula. The relative strength of these lines suggests that they might be some kind of low-ionisation structures (LISs, Gonçalves et al. 2001; Gonçalves 2004) . LIS is a label encompassing a variety of smallscale structures including among others knots, filaments, and jets, that may or may not move at supersonic velocities with respect to the large-scale component in which they are located. According to their velocities, LISs can be classified as FLIERs (Balick et al. 1993) , with radial velocities of 24-200 km s −1 , or SLOWERs (slow moving low-ionisation emission regions, Perinotto 2000) , which share the expansion velocities of their host PNe. Models can explain, to some extent, their morphology and kinematics, but questions such as what are the physical and chemical properties of the LISs, what are the specific physical processes for their origin or what is the dominant excitation mechanism remain open.
From the morphological point of view the two LISs detected in NGC 3132 are located roughly at ∼1 (0.25 pc) from the central star, well beyond the rim, and in a point-like symmetry. They have an extremely low-surface brightness, between ∼200 (southern LIS) and ∼1000 (northern LIS) fainter than the brightest structure in the nebula (the rim) in the [N ii] emission lines. The structures resemble the pair of jets reported for IC 4846 (Akras & Gonçalves 2016), IC 4634 (Hajian et al. 1997 ) and NGC 3918 (Corradi et al. 1996) or the jetlike pairs in NGC 6309, M3-1 (Corradi et al. 1996) , and He 2-5429 (Guerrero et al. 1999 ) but with much better developed arc-like structures (sizes of about ∼ 30 − 45 , ∼ 0.12 − 0.18 pc). Velocities in both LISs, as traced by [N ii]λ6584 (not shown) are low, with those in the northern LIS being redder than those in the southern one. Still, within each LIS, velocities are relatively homogeneous, without any obvious structure. In that sense, they could either be SLOWERs or fast (FLIERs) very close to the plane of the sky. As stated before, only very few emission lines where detected in the arcs on a spaxel-by-spaxel bases. Thus, to characterise the physical and chemical properties of the arcs in a similar manner to the rest of the nebula, we created two high signal-tonoise spectra by co-adding the spaxels in the orange and violet boxes in Fig. 1 . All those spaxels with an integrated flux between 6 800 and 6 840 Å >6×10 −18 erg s −1 cm −2 were masked to minimise the contribution of stellar continua from several faint stars in the the co-added spectrum. The resulting extracted spectra are displayed in Fig. 15 , where the total number of co-added spaxels is also indicated. The co-addition allows for the detection of some additional emission lines, useful to derive some basic physical and chemical properties for the LISs. We measured their fluxes in the same manner as in the spaxel-by-spaxel analysis (see Sect. 3). These are listed in Table 4 . Likewise, the derived physical and chemical properties are listed in Table 5 . Again, these were derived as in Sections 4, 6, and 7. Unsurprisingly, He ++ was not detected in the LISs. Thus, we do not list a total helium abundance. Regarding oxygen, the contribution of recombination to the O ++ was estimated following the correction scheme proposed by Liu et al. (2000) and it was found negligible. Also, we assumed no O +++ in the LISs, which a reasonable assumption for a structure dominated by low-ionisation lines, and thus we list the total oxygen abundance as simply the sum of the O 0 , O + , and O ++ abundance (although some contribution to O 0 may arise from a PDR). In view of Table 5 , the two LISs in NGC 3132 display some remarkable properties. The A0 primary (HD 87892) may be saturated even in the shortest exposures (0.48s) but the hot companion star, offset by 1.69 , is unaffected. Given the close proximity of the ∼ 5.5 mag brighter A star, only a small photometric aperture could be used for the hot companion, so an appropriate aperture correction (based on HD 87892) was applied (c.f., Gennaro 2018): the measured V magnitude on the Vega System is 16.00, with (B − V) = −0.24 by comparison to the F435W photometry. For an extinction of c(Hβ) = 0.15 from Tab. 6 (A v = 0.31), the intrinsic V mag is 15.69, fainter than the expected value of 14.85 for a 250 L 105 000K black body at the assumed distance.
The match of the model to the integrated dereddened spectrum for the strong lines of He, N, O, S, Ar is satisfactory (within ∼15%) but the largest discrepancies were for the weak lines of [N i] λ5199, and the auroral [N ii]λ5755 and [S iii]λ6312. The modelled electron temperatures from [N ii] and [S iii] are lower than observed (respectively ∼500 K and 1000 K) and the [S ii] density is modelled higher than observed (by ∼300 cm −3 ), indicating that the assumption of a constant density shell is inadequate (as is clear from the N e maps shown in Fig. 4 ) and the morphology deduced from the velocity maps (Sect. 8) and the 3D diabolo model of Monteiro et al. (2000) ). There is clearly potential for a full 3D model of NGC 3132 taking account of all the structural information on this nebula. The low central star luminosity together with moderate densities gives rise to the strong neutral lines from optically thick emission and the detection of H 2 (Lupu et al. 2006 ) and CO (Sahai et al. 1990; Phillips et al. 1992; Guzman-Ramirez et al. 2018) . Given that the central star luminosity is low and temperature high, NGC 3132 has probably entered the PN cooling track with declining luminosity and the ionized nebula may be starting to recombine.
The N/O ratio from the Cloudy model is 0.42, and together with the He/H value puts NGC 3132 in the category of typical Galactic Plane PN (Type II). The low value of ADF (Tsamis et al. 2004 ) appears to rule out any association between its central star binarity and high ADF, as established by e.g., Wesson et al. (2018) , although NGC 3132 is a wide separation binary; 0.0062 pc). The Cloudy model model predicts that the recombination contribution to [N ii]λ5755 of 1% thus justifying its neglect on the T e ([N ii],[S ii]) determination (Sect. 5.1) at least on a global scale. Also the total recombination contribution to the [O ii]λ7320 and λ7331 lines is 3.1% and 3.0% respectively.
Conclusions and perspectives
We release here the MUSE data cube and a set of highquality emission line maps for the planetary nebula NGC 3132. The cube has a spatial size of ∼63 ×123 (corresponding to ∼0.26×0.51 pc 2 for the adopted distance) at a spatial sampling of 0 . 2 pix −1 , and a wavelength coverage of 4750-9300 Å at a spectral sampling of 1.25 Å pix −1 . Together with the variance cube, the file occupies a size of 5.4 GiB on disk. These data reach an unprecedented depth covering a flux range of more than three orders of magnitude for the strongest lines (e.g., [N ii]λ6584).
To exemplify the potential of the data, we carried out a detailed analysis of the physical and chemical properties of the nebula on a spaxel-by-spaxel basis. Our main conclusions are:
1. The data reveal an immense complexity in terms of morphology and ionization structure. In particular, in addition to the rim and a doily-like shell, both previously reported, two low-ionization arc-like structures have been identified towards the north and south of the nebula for the first time. 2 . The extinction map, as derived from the hydrogen recombination lines, displays considerable structure, with large areas showing values up to 3-4 times higher than the median value, specially beyond the eastern side of the rim. A compilation of the results obtained for the few PNe with extinction maps available to date suggests that this characteristic may be common, directly demonstrating the survival of dust as an internal component of PNe. 3. Maps for the electron temperature and density from several diagnostics were derived. Density maps are compatible with an inner high-ionisation plasma at relatively high density (∼1000 cm −3 ) while the low-ionisation plasma presents a structure in density with typical values of ∼300 cm −3 and peaking at the rim with values ∼700 cm −3 . 4. Maps for five electron temperature diagnostics are provided.
Those derived from recombination lines are typically lower than those derived from CELs. Median T e decreases according to the following sequence:
He i→ PJ. Likewise the range of temperatures covered by recombination lines is much larger than those from CELs. It has been proposed that this behaviour, together with large values of t 2 , can be attributed to the existence of high density clumps. The spatial variations of the differences in temperature and t 2 within the nebula suggest variations in the properties and distrubution of the clumps, should these exist. 5. Several ionic and elemental abundances have been mapped.
Regarding helium, we determined a median of He / H = 0.124, with somewhat higher values at the rim and outer shell. Still, with the estimated uncertainties, we cannot conclude that there are chemical inhomogeneities in the main body of the nebula. 6. Regarding light elements, we derived maps for ionic abundances of oxygen, nitrogen, sulphur, argon and chlorine. The ranges of measured abundances are compatible with values available in the literature.
7. The analysis of the derived velocity maps for a selection of the strongest emission lines, sampling a set of ions covering a variety of ionisation potentials, support a geometry for the nebula similar to the diabolo-like model proposed by Monteiro et al. (2000) but with a different orientation for the diabolo, (major axis roughly at P.A.∼ −22 • ). This analysis nicely illustrates the power of 2D kinematic information in many lines to understand the intrinsic (3D) structure of PNe. 8. We identified two low-surface brightness LISs towards the northern and sourthern side of the nebula. The LISs display an arc-like morphology, extremely high extinction, and helium abundance, with the northern LIS having redder (more positive) velocities than the southern one. They are spatially coincident with some extended low-surface brightness mid-IR emission attributed mainly to H 2 (Hora et al. 2004) . Still, the high extinction within the structures suggests an important contribution of PAH emission in the mid-IR. We discuss the putative origin of these structures in the context of their point-like symmetry and the proposed orientation of the nebula. We conclude that they may be the consequence of precessing jets caused by the binary star system. 9. A simple 1D Cloudy model assuming a spherical shell of constant density is able to reproduced the strong lines in the integrated spectrum of the nebula with an accuracy of ∼15%. However, the modelled T e ([N ii]) and T e ([S iii]) are lower than observed by ∼500 K and ∼1 000 K, and density higher than observed by ∼300 cm −3 . This indicates that such simple assumptions are not adequate and support a full 3D model of the nebula taking into account all the structural information.
This ensemble of results nicely illustrate the potential of IFS, in general, and wide-field integral field spectrographs like MUSE in particular, to learn about PNe. Specifically, this set of data, together with the results listed above, supply a large and detailed set of constraints regarding the physical, chemical and kinematic properties of the nebula, thus providing with an invaluable opportunity to revisit the 3D modelling of the nebula. This would be the most natural next step. Moreover, with the exception of the two newly identified LISs, and the basic 1D photoionisation modeling, all the analysis presented here was done on a spaxelby-spaxel basis. A more detailed analysis, in terms of e.g. emission line content, can be done by means of a carefully chosen spatial binning of the data (at the cost of some loss of spatial resolution). Despite the suitability of MUSE to such a study, this work also illustrates some drawbacks: with its spectral range excluding bluer wavelengths and availability of total abundances for only two elements (helium and oxygen). Also, the kinematic description that can be extracted at its spectral resolution is still somehow limited, since it does not allow the de-blending of different spectral components, should these exist. Both, issues can be overcome with instruments similar to MUSE but with somewhat higher spectral resolution and access to the bluer part of the optical spectral range, like the recently proposed BlueMUSE (Richard et al. 2019 ).
